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ness model was then developed as a macro that is used in Microsoft Excel. A key objective 
throughout this process was to develop a practical system that would require little addi-
tional data and that could be used by field management staff without additional training.
The Cost-Effectiveness Model 
Model purpose and overview. Mine action is an expensive activity that can often be 
undertaken using a number of different methods. There is a wide range in the unit cost of 
these methods, even after adjusting for quality and variation in other key variables. Clearly, it 
is vitally important that scarce mine action resources be deployed in such a way as to achieve 
the best possible outcomes. Cost-effectiveness analysis has a key role to play in achieving 
this goal.
Cost-effectiveness analysis can be approached in two ways: 
1. By determining the least costly method of achieving a known goal—in this case, mine 
clearance to a level of at least 99 percent, or the fixed-effectiveness approach.
2. By finding the policy alternative that will provide the largest benefits for a giv-
en level of expenditure—the fixed-budget approach. CEMOD follows the fixed- 
effectiveness approach.
CEMOD compares different methods of mine clearance. Analysis of alternative methods 
is generally more useful than comparing different machines in isolation, since each machine 
may make a different contribution to mine clearance. A mine clearance method is defined as 
any combination of techniques (e.g., machines, manual clearance, dogs, etc.) that achieves 
the standard goal of at least 99-percent clearance. For example, a given piece of land might 
be cleared to the same standard by four alternative methods:
1. Manual mine clearance only
2. Flail followed by manual mine clearance
3. Vegetation cutter followed by manual mine clearance
4. Flail followed by dog teams, supported by manual mine clearance
Data entry. When CEMOD is started, users are provided with the system menu 
(see Figure 1). 
Users click on “Data Capture” if they want to enter new project data or want to edit 
values already entered in the model. The “Reports” button takes them to another menu 
where they can choose to view and print some (or all) of the standardized cost-effectiveness 
and cost-comparison reports. 
The cost-effectiveness model requires three types of data: 
1. Basic information on the location and details of the project and on the type of analysis 
being conducted (e.g., past costs vs. projected costs) 
2. Information on area clearance rates and the time inputs (e.g., man-days for manual 
clearance and days of machine use), which might typically come from log books 
3. Information on costs, which would typically come from project accounts and budgets 
or equipment catalogues 
The data-capture menu is used to access data entry screens for each of these three types 
of data (see Figure 2).
In the “Area Cleared Data Entry Menu,” users are asked to attribute areas cleared and 
time inputs (man-days and machine-days) to each of the various methods that their agency 
has used (for analyses of past costs) or is considering using (for projections). 
M illions of emplaced mines in 62 countries cause over 15,000 civilian casualties per year, mostly in rural areas of developing coun-
tries.1 They reduce agricultural production and incomes 
by making millions of hectares unavailable for crop pro-
duction or livestock grazing.2 Their impact is primarily 
felt by the poor, who are most likely to be forced to en-
ter mine-affected areas in search of firewood, drinking 
water or grazing for their livestock.3 Refugees are often 
unwilling to return home when their land has not been 
cleared of landmines, causing a long-term burden on host 
communities and aid agencies. The world has respond-
ed to the humanitarian costs and economic impact of 
landmines and unexploded ordnance by spending over 
$1.5 billion (U.S.) on mine and unexploded ordnance 
clearance since 1992, but little of this spending has been 
subject to rigorous economic analysis. 
There are at least four areas of mine action in which 
economic analysis can assist decision-making. The first 
(and possibly most controversial) is whether mines 
should be cleared at all—do the benefits of clearance 
exceed the costs? Assuming that clearance is beneficial, 
decisions need to be made on the appropriate standard 
of clearance, as well as which areas should be cleared first 
and which methods should be used. 
Should Landmines be Cleared?
At the national level, most cost-benefit evaluations of 
landmine clearance suggest overall costs are far greater 
than benefits. Geoff Harris estimates that expenditures 
to remove landmines from Cambodia would produce 
benefits—in the form of saved lives, reduced injuries and 
medical costs, and greater agricultural output—that are 
worth just 2 percent of the costs.4 In Mozambique, the 
benefits would be worth only 10 percent of the costs.5 
For Bosnia and Herzegovina, Shannon Mitchell con-
cludes that demining cannot be justified on develop-
ment grounds.6
These cost-benefit analyses were constrained by in-
adequate data, which may have influenced the conclu-
sions. In particular, they value injuries and premature 
death from landmines according to the present value 
of lost earnings (or lost gross domestic product). This 
foregone earnings approach is no longer popular in developed countries because it greatly 
underestimates the value of life.7 Instead, researchers and policymakers now use estimates of 
the value of statistical life, calculated from reports by survey respondents of how much they 
would be willing to pay to avoid risks or from market-based, revealed-preference studies. 
The theoretical superiority of broader measures of the value of life is recognised by Harris, 
but because no estimates exist for countries with landmine problems, the outdated, foregone 
earnings method was used.4 Perhaps as a result, saved lives and disabilities are a small part 
of Harris’ calculated benefit of landmine clearance, whereas the value of statistical life often 
provides the largest benefit from environmental standards and other risk-reducing activities 
in developed countries.
John Gibson, et al.8 used the contingent-valuation method to investigate the value of sta-
tistical life for a rural population in northeast Thailand where the incidence rate of landmine 
fatalities and injuries is 34 per 100,000 in affected communities.9 Using VSL, the value of 
lives saved from landmine clearance is at least an order of magnitude greater than the values 
used in existing studies. Applying this VSL to the data used by Harris4 for Cambodia sug-
gests the total value of benefits of mine clearance may be around 36 percent of the value of 
costs, compared to 2 percent of the value of costs using the foregone earnings method. But 
even using VSL, it appears the cost of clearing all mines would far exceed the benefits, mean-
ing that complete clearance would result in a net loss to society, especially when it is realised 
that scarce development funds could have been spent on other activities that would result in 
a large net benefit.
The high costs of clearance and lack of net benefits from comprehensive mine clearance 
underline the importance of considering the benefits of alternative uses of mine clearance 
funds. For example, Steven Lim suggests ”opening up alternative, safer income sources, such 
as factory work located away from landmines, may prove to be a quicker and more cost-effec-
tive way of reducing landmine casualties than traditional demining activities.”10 It is realised 
that such an approach would be contrary to Article 5 of the Ottawa Convention in which 
“each State Party undertakes to destroy or ensure the destruction of all anti-personnel mines 
in mined areas under its jurisdiction or control, as soon as possible but not later than ten 
years after the entry into force of this Convention for that State Party.”11
What is the Appropriate Clearance Standard?
It has been suggested that mine action agencies may overestimate the benefits of clear-
ance, causing them to spend excessive amounts on risk reduction. Most landmines are 
located in poor countries, but rich country donors and non-governmental organizations 
pay for most landmine clearance. Gareth Elliot and Harris suggest donors may value the 
lives saved by clearing mines using standards from their own (rich) countries.5 This also 
may explain why the standards are so stringent—the goal of accredited mine action agen-
cies is to remove all mines (and unexploded bombs) in an area.12 This standard requires 
expensive manual inspection of almost every inch of ground because existing machines 
cannot find every mine. 
The economic approach suggests that the socially efficient standard is to reduce the risk 
from landmines only to the point where the marginal cost per life saved is the same as for 
other risk-reducing activities.13 Hence, in poorer coun-
tries, where people face many health risks, less strin-
gent mine clearance standards might allow spending to 
be diverted to other priorities. An example may make 
this choice clearer. Suppose $1 million (U.S.) is avail-
able for development activities in a particular area, and 
clearance of a “low risk” area would cost $1 million 
and may save about five lives over a 10-year period. The 
same $1 million might also be used for safety measures 
along a busy stretch of road (e.g., safe crossings near 
schools and pedestrian barriers at busy intersections). 
If these improvements are expected to save more than 
five lives over 10 years, then the money would be better 
spent on road safety.
Which Areas Should be Cleared First?
Assessment of priorities for mine action is essential-
ly little different from any other prioritisation exercise. 
The idea that limited funds should be concentrated 
on areas with the greatest need is widely accepted. 
Methodologies are well-developed and, with appro-
priate modifications, can be applied to mine action. 
The Geneva International Centre for Humanitarian 
Demining and many other agencies have carried out 
mine action prioritisation exercises. This often in-
volves Landmine Impact Surveys “to provide a ranking 
of communities by severity of mine impact that can 
inform the allocation of mine action resources.”14 The 
GICHD surveys use three main indicators to estimate 
a composite Mine Action Score that is used to create 
the ranking. The indicators are the nature of contami-
nation (e.g., type and density of mines), the types of 
livelihoods and infrastructure to which mines block 
access, and the number of recent victims. 
Which Methods Should be Used?
The growing number of purpose-built mechanical 
mine action machines in use and under development 
and the increasing variety of ways in which machines 
are used to support mine action suggested a need for the 
collection of information on the cost-effectiveness of al-
ternative methods of mechanical mine action. Such in-
formation can serve at least two purposes. First, a greater 
awareness of the cost-effectiveness of various methods 
of mine clearance may help demining agencies use their 
existing resources more effectively. Second, more widely 
available and standardised data on the cost-effective-
ness of mechanical equipment relative to other clearance 
methods could help planners and developers allocate 
support to the machines and techniques that offer the 
greatest promise. 
Against this background, the GICHD commissioned 
the Management Research Centre of the University of 
Waikato to provide advice on the appropriate methods 
and standards for analysing the cost-effectiveness of 
mechanical mine action. In support of this advice, the 
commission also included a requirement to provide a 
software tool that demining organisations could use 
for carrying out their own cost-effectiveness analyses. 
Staff from the university and the GICHD visited mine 
action agencies in Bosnia and the Cambodian border 
region in order to develop an understanding of the key 
variables affecting cost-effectiveness. A cost-effective-
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How can economists 
contribute to Mine Action?
by Dan Marsh [ University of Waikato ]
This article reviews the contribution economists can make in the area of humanitarian mine clear-
ance and describes the development of a software package and manual designed to help managers 
decide which combination of machine and manual methods should be used to clear minefields to the 
required safety standard at the lowest cost.
Figure 2: ceMOD data-capture menu. 
Graphic courtesy of Dan Marsh/MAIc
Geneva International Centre for
Humanitarian Demining
Center Internalional de
Deminage Humanitaire - Geneve
Figure 1: ceMOD system menu.
Graphic courtesy of Dan Marsh/MAIc
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Further uptake of CEMOD may be achieved if appro-
priate follow-up activities are carried out. Some managers 
will require advice and support before being convinced of 
the benefits of cost-effectiveness analysis. There may also 
be areas where managers will require input from a trained 
economist (e.g., in some complex cost-allocation deci-
sions). There is also scope to further develop the model 
based on feedback on the first version.
This article has demonstrated the importance of eco-
nomic analysis if scarce funds are to be used efficiently 
to assist the development of mine-affected areas. The 
key questions to be addressed are:
• Should mine-affected areas be cleared?
• What is the appropriate standard of clearance?
• Which areas should be cleared first?
• Which methods should be used? 
Better answers to these questions can only help the 
millions of people who live and work at risk of death or 
injury from mines and UXO. 
This paper describes work done for the GICHD 
as part of their Mechanical Mine Action Study that 
was carried out jointly with John Gibson, University 
of Canterbury and Geua Boe-Gibson and includes 
material from Marsh, Boe-Gibson, and Gibson15,16 and 
Barns, et al.17
See “References and Endnotes,” page 105 
In the “Costs Data Entry Menu,” users are asked 
to enter data on the actual or projected costs of the 
mine clearance project. The costs in the model are 
grouped into four categories: staff salaries, staff al-
lowances, consumables and running costs, and capital 
equipment. Within each of these cost categories, there 
is no restriction on how many cost items are specified. 
Thus, the model can handle analyses of both past 
costs, based on detailed budgets, as well as projected 
costs, for which there might be rather less detail avail-
able. For each cost item, the user is asked to specify a 
name or description for the item, the number of items 
used and the unit-cost per item per year.
For each cost item, the user is asked to allocate 
the number of units across various cost categories 
(e.g., management and administration, mine survey, 
medical support, manual mine clearance teams, dog 
teams and individual machines). This allocation of 
the number of units of each cost item allows the user 
to identify which costs are associated with which ma-
chines. By identifying costs with machines and other 
procedures, it is possible to identify, from a single 
budget, different costs for different mine clearance 
methods. Thus, the allocation of the cost items is a 
particularly important part of the model. Further de-
tails of CEMOD data entry and operation procedures 
are provided in “Mechanical Mine Action Study: Cost Effectiveness Component, Draft 
Final Report.”15, 16
Model output and interpretation. The reports menu is used to view and print the re-
sults of the model’s calculations, as well as print the worksheets that contain the input data 
on area cleared, days used and costs by category. 
The “Standard Reports” button lets the user view and print four reports (see Table 1).
The “Key Results” report (Table 2) includes total cost, cost per square metre, cost ratio 
and annual cost saving. Based on the imaginary data in Table 2, use of a flail, followed by a 
combination of manual deminers and dog teams provides the most cost-effective clearance 
method. Costs per square metre (about 1.2 square yards) are $3.41 (U.S.) compared to 
$11.29 using fully manual methods (the base case). Use of this method over the whole area 
to be cleared would result in a cost savings of $7.2 million, compared to manual demining.
It must be stressed that cost per square metre should only be compared where all other 
factors are equal, i.e., for clearance of mined land of similar characteristics. Differences in 
cost per square metre between minefields may be a reflection of changes in minefield char-
acteristics, rather than the cost-effectiveness of alternative mine clearance procedures. 
Factors affecting cost-effectiveness. The cost-effectiveness model is designed to pro-
vide standardised calculations of the cost of mine clearance using actual or projected data. 
Many factors are likely to influence the cost-effectiveness of particular methods of mine 
clearance in particular settings. Foremost amongst these will be la-
bour and machine costs, and the comparative productivity levels of 
manual-clearance teams, dog teams and mechanical-clearance ma-
chines. However, other idiosyncratic factors are also likely to be im-
portant and these are not incorporated into CEMOD even though 
they are likely to be relevant to the decisions agencies make about the 
most effective way to clear a given area.
For example, an agency may use different machines to do a similar 
task (say, vegetation clearance) but on land with different characteris-
tics. While it would be possible to have a model that considers factors 
such as slope vs. flat, dry vs. wet, such a model would be quite com-
plicated, and it would be more difficult to use the model for planning 
purposes. Instead, it is expected that when the current model gives 
costs for each machine, the user can work out if the higher cost for 
one machine is justified by the more difficult terrain. 
A similar complication comes from the type of mine that is ex-
pected in a given field. Mechanical procedures feasible when working 
with anti-personnel mines may 
not be feasible when working on 
anti-tank mines, and the use of 
suitably armoured machinery is 
likely to affect the cost compari-
sons. Hence, the information pro-
vided by CEMOD cannot replace 
the detailed knowledge of project 
managers; instead, it is designed 
to provide additional information 
so they can make better-informed 
decisions about mine clearance.
There are at least two other 
factors that should be consid-
ered when interpreting the cost-
effectiveness data. First, there is 
no explicit premium for timeliness 
(speed of clearance) in the calcu-
lations carried out by CEMOD. 
However, CEMOD reports do 
indicate clearance rates and cost per day, so information on the timeliness of particular methods 
can be extracted. It is unlikely a standardised model could provide more detail because local fac-
tors will dictate what value is placed on timeliness. Second, although cost per square metre seems 
to be an accepted metric for recording output, there is some argument for considering the depth 
of clearance. A hidden advantage of some machines may be that they clear to a greater depth than 
is possible with other techniques. A comparison solely on the basis of cost per square metre will 
miss this point and may unfairly indicate an advantage for one machine over another. 
Dan Marsh is a senior lecturer in 
economics at the University of Waikato 
in New Zealand. He has 25 years’ experi-
ence working on rural development proj-
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as a Precursor to economic Development
by John Lundberg [ RONCO Consulting Corporation ]
Using three specific examples—Mozambique, Eritrea and Iraq—the author 
shows clearly how demining and development go hand-in-hand. He shows 
how clearing mines to restore power lines, rail service and agricultural land 
helps communities become economically viable again.
H umanitarian demining programs are often aimed at quickly safeguarding people living with the threat of landmines. Some of the most 
beneficial operations RONCO Consulting Corporation 
engages in, however, are carried out with the less vis-
ible, longer-term goal of development in mind. While 
the repercussions of clearing farms or a power-line trace 
may not immediately affect the majority of a country’s 
population, the ultimate effect of such operations on a 
country’s economic development can be enormous, and 
building host-country capacity to continue and expand 
upon operations only furthers this effect. Three recent 
RONCO operations in Mozambique, Eritrea and Iraq, 
all funded by the U.S. Department of State, demon-
strate the impact that a demining operation can have on 
a country’s productivity, economy and quality of life.


























This report provides total cost, cost per square metre, and 
cost ratio/annual cost saving (compared to base case) for 
each mine clearance method.
S2 Annual cost, by method and cost category.
S3 Cost per square metre and potential savings by method and cost category.
S4 Machine demining, annual cost, cost per day and cost per square metre.
S5 Annual cost summary.
Table 1
Conclusions
Many of the key issues of mine action are amena-
ble to economic analysis. In this respect, mine action 
is no different from any other activity that uses scarce 
resources. Policy in this field has often been strongly in-
fluenced by both military and humanitarian concerns 
and approaches. Mine action agencies have often seen 
mine clearance as being a technical problem requiring 
technical solutions. Too often, insufficient attention has 
been paid to cost-effectiveness in determining the best 
course of action. Humanitarian concerns have brought 
the impact of mines to the world’s attention and led to 
the signing of the Ottawa Convention. However, the 
Convention’s requirement that all mines be cleared will 
not always be the best way of improving the plight of 
those affected by mines. Likewise, the U.N. standard of 
99.6-percent clearance will often be too stringent and 
will tend to divert funds away from other risk-reduc-
ing activities where more deaths and injuries could be 
avoided at lower cost. 
CEMOD was developed as a practical tool that would 
be used by managers to assess the cost-effectiveness of 
alternative mine clearance methods. Feedback received 
so far has been positive, and some managers are reported 
to be making use of CEMOD. Given the large sums of 
money involved, potential cost savings are substantial.
Reporting Period: 2001
Currency: USD
Method Total Cost Cost per 
sq. m




Manual Only 1,128,742 11.29 100%
Flail + Manual 1,156,574 5.78 51% 5,009,138
Flail, Manual, Dogs 1,365,574 3.41 30% 7,166,151
Veg. Cutter, Manual 365,602 7.31 65% 3,617,597
Area Reduction then manual 304,352 6.09 54% 4,732,347
Veg. Cutter, Manual, Dogs 247,085 4.94 44% 5,774,610
Area Reduction, MP, Manual 587,267 11.75 104% -416,703
Table 2: example of key Results Report. courtesy of Dan Marsh/MAIc]
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Further uptake of CEMOD may be achieved if appro-
priate follow-up activities are carried out. Some managers 
will require advice and support before being convinced of 
the benefits of cost-effectiveness analysis. There may also 
be areas where managers will require input from a trained 
economist (e.g., in some complex cost-allocation deci-
sions). There is also scope to further develop the model 
based on feedback on the first version.
This article has demonstrated the importance of eco-
nomic analysis if scarce funds are to be used efficiently 
to assist the development of mine-affected areas. The 
key questions to be addressed are:
• Should mine-affected areas be cleared?
• What is the appropriate standard of clearance?
• Which areas should be cleared first?
• Which methods should be used? 
Better answers to these questions can only help the 
millions of people who live and work at risk of death or 
injury from mines and UXO. 
This paper describes work done for the GICHD 
as part of their Mechanical Mine Action Study that 
was carried out jointly with John Gibson, University 
of Canterbury and Geua Boe-Gibson and includes 
material from Marsh, Boe-Gibson, and Gibson15,16 and 
Barns, et al.17
See “References and Endnotes,” page 105 
In the “Costs Data Entry Menu,” users are asked 
to enter data on the actual or projected costs of the 
mine clearance project. The costs in the model are 
grouped into four categories: staff salaries, staff al-
lowances, consumables and running costs, and capital 
equipment. Within each of these cost categories, there 
is no restriction on how many cost items are specified. 
Thus, the model can handle analyses of both past 
costs, based on detailed budgets, as well as projected 
costs, for which there might be rather less detail avail-
able. For each cost item, the user is asked to specify a 
name or description for the item, the number of items 
used and the unit-cost per item per year.
For each cost item, the user is asked to allocate 
the number of units across various cost categories 
(e.g., management and administration, mine survey, 
medical support, manual mine clearance teams, dog 
teams and individual machines). This allocation of 
the number of units of each cost item allows the user 
to identify which costs are associated with which ma-
chines. By identifying costs with machines and other 
procedures, it is possible to identify, from a single 
budget, different costs for different mine clearance 
methods. Thus, the allocation of the cost items is a 
particularly important part of the model. Further de-
tails of CEMOD data entry and operation procedures 
are provided in “Mechanical Mine Action Study: Cost Effectiveness Component, Draft 
Final Report.”15, 16
Model output and interpretation. The reports menu is used to view and print the re-
sults of the model’s calculations, as well as print the worksheets that contain the input data 
on area cleared, days used and costs by category. 
The “Standard Reports” button lets the user view and print four reports (see Table 1).
The “Key Results” report (Table 2) includes total cost, cost per square metre, cost ratio 
and annual cost saving. Based on the imaginary data in Table 2, use of a flail, followed by a 
combination of manual deminers and dog teams provides the most cost-effective clearance 
method. Costs per square metre (about 1.2 square yards) are $3.41 (U.S.) compared to 
$11.29 using fully manual methods (the base case). Use of this method over the whole area 
to be cleared would result in a cost savings of $7.2 million, compared to manual demining.
It must be stressed that cost per square metre should only be compared where all other 
factors are equal, i.e., for clearance of mined land of similar characteristics. Differences in 
cost per square metre between minefields may be a reflection of changes in minefield char-
acteristics, rather than the cost-effectiveness of alternative mine clearance procedures. 
Factors affecting cost-effectiveness. The cost-effectiveness model is designed to pro-
vide standardised calculations of the cost of mine clearance using actual or projected data. 
Many factors are likely to influence the cost-effectiveness of particular methods of mine 
clearance in particular settings. Foremost amongst these will be la-
bour and machine costs, and the comparative productivity levels of 
manual-clearance teams, dog teams and mechanical-clearance ma-
chines. However, other idiosyncratic factors are also likely to be im-
portant and these are not incorporated into CEMOD even though 
they are likely to be relevant to the decisions agencies make about the 
most effective way to clear a given area.
For example, an agency may use different machines to do a similar 
task (say, vegetation clearance) but on land with different characteris-
tics. While it would be possible to have a model that considers factors 
such as slope vs. flat, dry vs. wet, such a model would be quite com-
plicated, and it would be more difficult to use the model for planning 
purposes. Instead, it is expected that when the current model gives 
costs for each machine, the user can work out if the higher cost for 
one machine is justified by the more difficult terrain. 
A similar complication comes from the type of mine that is ex-
pected in a given field. Mechanical procedures feasible when working 
with anti-personnel mines may 
not be feasible when working on 
anti-tank mines, and the use of 
suitably armoured machinery is 
likely to affect the cost compari-
sons. Hence, the information pro-
vided by CEMOD cannot replace 
the detailed knowledge of project 
managers; instead, it is designed 
to provide additional information 
so they can make better-informed 
decisions about mine clearance.
There are at least two other 
factors that should be consid-
ered when interpreting the cost-
effectiveness data. First, there is 
no explicit premium for timeliness 
(speed of clearance) in the calcu-
lations carried out by CEMOD. 
However, CEMOD reports do 
indicate clearance rates and cost per day, so information on the timeliness of particular methods 
can be extracted. It is unlikely a standardised model could provide more detail because local fac-
tors will dictate what value is placed on timeliness. Second, although cost per square metre seems 
to be an accepted metric for recording output, there is some argument for considering the depth 
of clearance. A hidden advantage of some machines may be that they clear to a greater depth than 
is possible with other techniques. A comparison solely on the basis of cost per square metre will 
miss this point and may unfairly indicate an advantage for one machine over another. 
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Using three specific examples—Mozambique, Eritrea and Iraq—the author 
shows clearly how demining and development go hand-in-hand. He shows 
how clearing mines to restore power lines, rail service and agricultural land 
helps communities become economically viable again.
H umanitarian demining programs are often aimed at quickly safeguarding people living with the threat of landmines. Some of the most 
beneficial operations RONCO Consulting Corporation 
engages in, however, are carried out with the less vis-
ible, longer-term goal of development in mind. While 
the repercussions of clearing farms or a power-line trace 
may not immediately affect the majority of a country’s 
population, the ultimate effect of such operations on a 
country’s economic development can be enormous, and 
building host-country capacity to continue and expand 
upon operations only furthers this effect. Three recent 
RONCO operations in Mozambique, Eritrea and Iraq, 
all funded by the U.S. Department of State, demon-
strate the impact that a demining operation can have on 
a country’s productivity, economy and quality of life.


























This report provides total cost, cost per square metre, and 
cost ratio/annual cost saving (compared to base case) for 
each mine clearance method.
S2 Annual cost, by method and cost category.
S3 Cost per square metre and potential savings by method and cost category.
S4 Machine demining, annual cost, cost per day and cost per square metre.
S5 Annual cost summary.
Table 1
Conclusions
Many of the key issues of mine action are amena-
ble to economic analysis. In this respect, mine action 
is no different from any other activity that uses scarce 
resources. Policy in this field has often been strongly in-
fluenced by both military and humanitarian concerns 
and approaches. Mine action agencies have often seen 
mine clearance as being a technical problem requiring 
technical solutions. Too often, insufficient attention has 
been paid to cost-effectiveness in determining the best 
course of action. Humanitarian concerns have brought 
the impact of mines to the world’s attention and led to 
the signing of the Ottawa Convention. However, the 
Convention’s requirement that all mines be cleared will 
not always be the best way of improving the plight of 
those affected by mines. Likewise, the U.N. standard of 
99.6-percent clearance will often be too stringent and 
will tend to divert funds away from other risk-reduc-
ing activities where more deaths and injuries could be 
avoided at lower cost. 
CEMOD was developed as a practical tool that would 
be used by managers to assess the cost-effectiveness of 
alternative mine clearance methods. Feedback received 
so far has been positive, and some managers are reported 
to be making use of CEMOD. Given the large sums of 
money involved, potential cost savings are substantial.
Reporting Period: 2001
Currency: USD
Method Total Cost Cost per 
sq. m




Manual Only 1,128,742 11.29 100%
Flail + Manual 1,156,574 5.78 51% 5,009,138
Flail, Manual, Dogs 1,365,574 3.41 30% 7,166,151
Veg. Cutter, Manual 365,602 7.31 65% 3,617,597
Area Reduction then manual 304,352 6.09 54% 4,732,347
Veg. Cutter, Manual, Dogs 247,085 4.94 44% 5,774,610
Area Reduction, MP, Manual 587,267 11.75 104% -416,703
Table 2: example of key Results Report. courtesy of Dan Marsh/MAIc]
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endnotes and References
Mine Free: Not Anytime Soon, kidd [ from page 4 ]
endnote
1. Convention on the Prohibition of the Use, Stockpiling, Production and Transfer of Anti-Personnel Mines and on Their Destruction. Ottawa, Canada. Sept. 18, 1997. 
 http://www.un.org/Depts/mine/UNDocs/ban_trty.htm. Accessed Nov. 4, 2005.
An Operator’s Perspective on Ottawa’s Article 5, Nergaard [ from page 35 ]
endnotes
1. Anti-personnel Mines.” Nairobi Action Plan 2005–2009. 29 Nov. 2004. http://www.icrc.org/Web/eng/siteeng0.nsf/htmlall/68LGY8/$File/Action%20Plan%20.pdf. 
 10 Oct. 2005. 
2. “Convention on the Prohibition of the Use, Stockpiling, Production and Transfer of Anti-personnel Mines and on Their Destruction.” Ottawa, Canada. Sept. 18, 1997.  
http://www.un.org/Depts/mine/UNDocs/ban_trty.htm. Oct. 10, 2005. 
3. ISO 9000 is a set of standards for quality management systems that is accepted around the world. For more information about the various quality certifications, visit International 
Organization for Standardization at http://www.iso.org/ or Simply Qualify’s Frequently Asked Questions about ISO 9000 at http://www.isoeasy.org/faq03.htm.
Demining in Iran, Banks [ from page 8 ]
endnotes
1. EOD World Services is the services arm of E&I International. MAI is the E&I mine action company presently operating with several other E&I companies in the Islamic 
Republic of Iran.
2. Most work in Iran is for a national client. International clients demand IMAS standards and international quality assurance/quality control companies to inspect work. 
3. For more information on IMAS, see http://www.mineactionstandards.org/imas.htm. Accessed Nov. 4, 2005
4. Embankments are to contain flood water. Bunds are generally used to describe defensive positions, banks of earth and embankments. 
5. Banks-men stand on the bunds to watch for items of hazardous material that may be dug up.
Assisting Landmine Accident Survivors in the Thai-Burma Border Region, Matthee [ from page 11 ]
endnotes
1. Convention on the Prohibition of the Use, Stockpiling, Production and Transfer of Anti-Personnel Mines and on Their Destruction. Ottawa, Canada. Sept. 18, 1997. 
 http://www.un.org/Depts/mine/UNDocs/ban_trty.htm. Accessed Nov. 4, 2005.
2. While only governments can sign the convention, non-state actors can sign the Deed of Commitment for Adherence to a Total Ban on Anti-Personnel Mines and for Cooperation 
in Mine Action through an organization called Geneva Call. Geneva Call engages NSAs to respect and adhere to humanitarian norms, starting with the anti-personnel mine ban. 
For more information, see http://www.genevacall.org/home.htm. Accessed Nov. 2, 2005.
3. Simple plumb methods use a plumb line, which is a reference line guided by a string or cord weighted at the end with a large weight known as a plumb bob. It is used to create a 
reference line for creating vertical lines.
A Regional Approach: Mine and UXO Risk Reduction in Vietnam, Laos, and cambodia, Wells-Dang [ from page 14 ]
Further Reading
1. Bottomley, Ruth. Crossing the Divide: Villagers, Landmines and Organizations. International Peace Research Institute, Oslo, Norway, 2003.
2. Cambodia Mine/UXO Victim Information System (CMVIS). Monthly casualty reports, 2004–05.
3. Final Statement from Workshop on Landmine/UXO Risk Education in the Mekong Sub-region, Siem Reap, November 2004. Fund for Reconciliation and Development.  
http://www.ffrd.org/MRE%20Workshop%20Statement.pdf. Accessed Oct. 24, 2005. 
4. Fleischer, Michael. Informal Village Demining in Cambodia: An Operational Study. Handicap International-Belgium, June 2005.
5. Global Survey on Explosive Remnants of War and Mines Other than Anti-Personnel Mines, Vietnam and Laos chapters. March 2005. Landmine Action (UK).  
http://www.landmineaction.org/resources/UKWGLM.pdf. Accessed Oct. 24, 2005.
6. Landmine Monitor, “Vietnam” and “Laos.” November 2004. International Campaign to Ban Landmines, http://www.icbl.org/lm/2004/vietnam.html,  
http://www.icbl.org/lm/2004/lao.html. Both accessed Oct. 24, 2005. 
7. Moyes, Richard. Tampering: Deliberate Handling of Live Ordnance in Cambodia. August 2004. Funded by Handicap International—Belgium, Mines Advisory Group and Norwegian 
People’s Aid. http://www.thememorybank.co.uk/members/richard/Tampering%20-%20deliberate%20handling%20of%20live%20ordnance%20in%20Cambodia.pdf. 
 Accessed Oct. 24, 2005.
8. UXO Lao. Annual Report 2004, UXO Lao, P.O. Box 345, Vietiane, Lao PDR, Tel: (856-21) 414896; Fax: (856-21) 415766, E-mail: uxolao@laotel.com.
Destroying the Mother of All Arsenals, Zahaczewsky [ from page 18 ]
endnotes
1. Associated Press. (27 April 2004). “Oregon Worker Killed in Iraq.”
2. Associated Press. (28 April 2004). “Civilian Worker: Roadside Bomb in Iraq Kills Port Orchard Man.”
3. Cha, Ariana E. (14 Nov, 2003) “Peril Follows Contractors in Iraq.” Washington Post (p. A.01).
4. Tims, Dana. (26 April 2004) “The Weekend Death of an Oregon Man Highlights the Dangerous Duties being Carried Out by Growing Numbers of Private Security Contractors in 
Iraq.” The Oregonian.
5. Zeleny, Jeff. (2 Nov, 2005) “Obama-Lugar Proposal Targets Stockpiles of Conventional Weapons.” Chicago Tribune. Accessed Nov. 9, 2005.   
http://www.chicagotribune.com/news/nationworld/chi-0511020221nov02,1,1921189.story?ctrack=1&cset=true.
Hidden killers in Afghanistan, Sharif [ from page 20 ]
endnotes
1. This information is in the UNMAS Annual Report, 2004.  Visit http://www.mineaction.org/; accessed Nov. 30, 2005.
2. One square kilometre is approximately 0.386 square mile.
3. Afghanistan has also been a signatory of the 1980 Convention on Certain Conventional Weapons since 1981. For more information, visit 
 http://www.icrc.org/ihl.nsf/FULL/500?OpenDocument; accessed Nov. 30, 2005.
Observations on Recent changes in Northwest cambodia’s Mine/UXO Situation, Simmonds, et al. [ from page 24 ]
endnotes
1. L1S is an abbreviation for Level One Survey that is commonly used in Cambodia. This is not to be confused with LIS (Landmine Impact Survey), which is in common use in 
most other parts of the world.
2. Bottomley, Ruth. (2001) Returning life to field and forest: Mine clearance by villagers in Cambodia. Journal of Mine Action, 5.1 p.13.  
http://www.maic.jmu.edu/journal/5.1/Focus/Ruth_Bottom/bottom.html. Accessed Nov. 22, 2005. 
3. Bottomley, Ruth. (Dec. 31, 2003). Crossing the Divide: Landmines, Villagers and Organizations. http://www.prio.no/page/preview/preview/9429/40814.html. 
 Accessed Nov. 22, 2005.
4.  Fleisher, Michael L. (2005) Informal Village Demining in Cambodia: An Operational Study. http://www.handicapinternational.be/downloads/Informal_Village_Demining.pdf. 
Accessed Nov. 22, 2005. 
 
The War Goes On, Vosburgh [ from page 27 ]
endnotes
1. In the Untied States, this conflict is referred to as the Vietnam War.
2. Vietnamese Ministry of Defense Demining Command and The Technology Center for Bomb and Mine Disposal (BOMICO/BOMICEN).
claiming the Future, Sisavath [ from page 29 ]
endnotes
1.  Mennonite Central Committee Web site, http://www.mcc.org/clusterbomb/report/laos_appendix.html. Accessed Nov. 15, 2005.
2.  U.S. Bombing Records in Laos, 1964–1973. Congressional Record—Senate, May 14, 1975 (p. 14,266).
3.  Handicap International Belgium. “Living with UXO—Final Report on the National Survey on the Socio-Economic Impact of UXO in Lao PDR.” 1997.
4.  1 square kilometre is equal to about 0.386 square mile.
5.  The Safe Path Forward 2003–2013. April 2004. http://www.undplao.org/UXO%20stuff/Stratplan%20Res%20EngFINAL.pdf. Accessed Nov. 15, 2005.
6.  1 hectare equals approximately 2.5 acres.
Developing Alternatives: The Locality Demining Model in cambodia, Leighton [ from page 35 ]
endnotes
1. Richard Moyes in his report, Tampering: Deliberate Handling and Use of Live Ordnance in Cambodia (MAG, Handicap International-Belgium, Norwegian People’s Aid, 2004), 
recognises that deliberate handling occurs amongst the most vulnerable families with the least traditional economic opportunities such as generation of income through livestock 
or land ownership. For online text of this report see http://www.mag.org.uk/magtest/cambodia/Tampering.pdf. 
2.  Review of the locality demining model was undertaken by Pia Walgren for MAG.
3.  As observed by MAG Cambodia’s technical operations manager, Gary Fenton.
4. See work undertaken on village demining by Ruth Bottomley, HI-B. http://www.handicapinternational.be/downloads/SpontaneousDeminingInitiatives.pdf, 
 accessed Dec. 13, 2005.
Afghanistan LIS, Fruchet [ from page 38 ]
endnote
1. A Landmine Impact Survey, or LIS, is a community-based national survey that measures the extent of the impact of the landmine problem in a country, based on the number of 
recent victims, socio-economic blockages and type of munitions.
USAID’s Perspective: The Importance of Social and economic Developing Strategies for Humanitarian Mine Action, Feinberg 
[ from page 41 ]
endnotes
1.  Convention on the Prohibition of the Use, Stockpiling, Production and Transfer of Anti-Personnel Mines and on Their Destruction. Ottawa, Canada. Sept. 18, 1997.  
http://www.un.org/Depts/mine/UNDocs/ban_trty.htm. Accessed Nov. 4, 2005.
2. The Leahy War Victims Fund works on behalf of civilian victims of war and people living with disabilities. See 
 http://www.usaid.gov/our_work/humanitarian_assistance/the_funds/lwvf/index.html for more information. Last updated May 5, 2005. Accessed Oct. 21, 2005.
3. Learn more about the United States International Society for Prosthetics and Orthotics at http://www.usispo.org/. Accessed Oct. 21, 2005.
Mine Action and Development, Turcotte [ from page 43 ]
endnotes
1. From the 2004 Nairobi Declaration by States Parties to the Ottawa Convention.
2. Convention on the Prohibition of the Use, Stockpiling, Production and Transfer of Anti-Personnel Mines and on Their Destruction. Ottawa, Canada. Sept. 18, 1997. 
 http://www.un.org/Depts/mine/UNDocs/ban_trty.htm. Accessed Nov. 4, 2005.
3. Landmine Monitor Report 2005. International Campaign to Ban Landmines. http://www.icbl.org/lm/2005/findings.html. 
4. These individuals are often called landmine survivors. For a complete definition, see http://www.icbl.org/lm/2004/intro/survivor, accessed Dec. 2, 2005.
5. On Sept. 18, 2000, the United Nations General Assembly adopted Resolution 55/2, the United Nations Millennium Declaration. At the United Nations Millennium Summit, world 
leaders agreed to a set of time-bound and measurable goals and targets for combating poverty, hunger, disease, illiteracy, environmental degradation, and discrimination against 
women. Placed at the heart of the global agenda, they are now called the Millennium Development Goals. The Summit’s Millennium Declaration also outlined a wide range of 
commitments in human rights, good governance and democracy. See http://www.un.org/millennium/declaration/ares552e.pdf. Accessed Nov. 4, 2005.
6. World Bank. “Landmine Contamination: A Development Imperative,” Social Development Note No. 20, October 2004. Conflict Prevention and Reconstruction Unit.
7. Information on the Geneva Conventions can be found at http://www.genevaconventions.org/. Accessed Nov. 4, 2005.
8. Information on the Convention on Prohibitions or Restrictions on the Use of Certain Conventional Weapons Which May be Deemed to be Excessively Injurious or to Have Indiscriminate 
Effects can be found at http://www.icrc.org/ihl.nsf/FULL/500?OpenDocument. Accessed Nov. 4, 2005.
Integrated Mine Action: A Rights-Based Approach in cambodia, campbell [ from page 45 ]
endnote
1. The Millennium Development Goals are eight goals adopted by the government to eradicate poverty and hunger, achieve universal primary education, promote gender equality, 
reduce child mortality, improve maternal health, combat HIV/Aids, malaria, and other diseases, ensure environmental stability and develop a global partnership for development, 
all by 2015. http://www.un.org/millenniumgoals/. Accessed Nov. 1, 2005.
How can economists contribute to Mine Action, Marsh [ from page 51 ]
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